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1. introduction. - To study the properties of long polymers in solutions, it is convenient to apply directly the principles of renormalization theory, and we have shown previously [1] how this can be done.
In the present article, we present this new method in greater detail and we show how it works on practical examples.
The efficiency of this new approach comes from its close relation to field theory; as we use similar concepts and introduce similar mathematical objects, we profit from the efforts made in field theory by many outstanding theoreticians. For instance, we use directly, in polymer theory, the notion of renormalization factor which has great physical significance.
Thus, the approach which is presented here is quite different from the decimation methods which have been proposed [2] and studied [3, 4] during recent years and which do not appear to be very practical. It is known [5, 6] that polymer theory corresponds (to some extent) to a Lagrangian field theory of the Landau-Ginzburg-Wilson type [7, 8] Brownian chains which are the continuous limits of chains with independent links; the partition function of a Brownian chain is infinite because the chain hag a continuously infinite number of continuous degrees of freedom. This is why the first renormalization is needed. The introduction of interactions produces new short range divergences, and they are eliminated by the second renormalization (« ultra-violet » renorT malization). In this way, we define the « two parameter model » which is good because it is rather simple and can be studied extensively by perturbation theory. In this model, an isolated polymer depends on only one dimensionless parameter (usually denoted by z) and a polymer solution on only two dimensionless parameters.
When the size of the primitive Brownian chain becomes large, the size of the chain with interactions also becomes large and this limit corresponds to the case of long polymers. To [9] showed that a polymer in a good solvent can be represented by a Brownian chain with contact interactions and this is the model which will be adopted here. The Integration with respect to the internal independent areas { s } may produce divergences when so -+ 0. To study them, we need the concept of P-reducibility. A diagram is P-reducible if it can be separated into two disconnected non-trivial pieces by cutting one polymer line ; otherwise it is P-irreducible (see Fig. 3 ). Fig. 4 ). We remark that renormalization has been used in field theory at d = 4 to eliminate the « ultra-violet » divergences. In this case, the process has been very precisely described and justified within the framework of perturbation theory [13] .
Here, we are interested in « infrared » divergences ; more precisely we want to study the Fig. 7 ). In a diagram, this point is on a polymer segment of area s carrying a wave vector q.
(4) This situation is peculiar to polymer systems. In the LandauGinzburg-Wilson theory, q&#x3E;2 which corresponds here to x2 has an anomalous dimension which determines the index v. However, the fact that x2(zl, Z2) = 1 is not troublesome because the index v is already associated with the renormalization factor xo(z). In the absence of interaction, the factor associated with the segment is e-q2s/2. The two vertex insertion breaks the segments into two segments with areas si and s2 and S, + s2 = s. The factors associated with these segments, are Thus, the 2-vertex insertion does not change the contribution of the diagram, and therefore the value of the corresponding partition function. Thus, X2(Zl, Z2) must be one. On the other hand, dimensional analysis (see Eq. (3. 3)) shows that the renormalized partition function 3R (eS, S I can be written in the form where g is a pure number.
In this way, the first two terms of the virial expansion (see Eq. (5.3)) can be written in scaling form
The fundamental idea in renormalized theory is that relations must be established between physical quantities. In particular, g, which represents the second virial coefficient, is more physical than z. When z = 0, g = 0 but when z -oo, g has a finite limit g*. Moreover, for d &#x3E; 4, g* = 0. Thus, for small positive values of e = 4 -d, g can be expanded in terms of E. It is therefore proper to choose g as the expansion parameter; in particular, it is possible in this way, to obtain E-expansions of the critical indices.
The strategy is the following. Starting from equations (5.17) and (5.18), we calculate perturbatively l£o(z) and '1(z) in terms of z and we also calculate the effective critical indices l1o(z) and yi(z). Using ( We may also obtain in this way the index which determines the approach towards the asymptotic limit, i.e. the nature of the first corrections to scaling. The diagrams contributing to 3(S, S) are either I-reducible [10] by cutting an interaction line, or Iirreducible. I-reducible diagrams are shown on figure 9 . (6) [14] . Now g will represent a different but similar quantity the so-called « renormalized interaction », m the renormalized mass, mo the bare mass and m., the critical bare mass. The bare interaction is kept constant and we have On the other hand, the correspondence found by de Gennes [5, 6] shows that (mf -m:c) corresponds to S -1. By comparing the preceding formulas, we find Qa = 2 cov.
The contributions of these diagrams are easily calculated because they are factorized. The I-irreducible diagrams are shown on figure 10 . By summing the contributions of the reducible and irreducible diagrams, we obtain Fig. 9 . -I-reducible diagrams contributing to 3(S, S ). The contributions of these diagrams are factorized and can be obtained from the contribution of the diagrams of 3(S) = 5(0, 0 ; S) drawn on figure 7 (the diagrams of order three are not drawn here). This is an interesting result since in the asymptotic limit of long chains and good solvents, we must set g = g* in the virial expansion (5.20) of the osmotic pressure. The same problem has been recently studied by Elderfield [15] (F) given by the equation [18, 19] and to the phenomenological formula (D) given by Domb and Barrett [20] All these approximations are plotted on figure 13 . and, in this limit, we may write where C is the following constant (remember that a 1 (0) = 0) which could be evaluated without difficulty.
We also note that equation (6.21) can be written in the form (z is given in equation (6.19 ) and a, = (T -1) /2) and that this logarithmic dependence was expected [21] . 7 [5, 6] 
